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(57) ABSTRACT

The present invention relates to a process of separating and
puritying thorium by solvent extraction, comprising: 1) mix-
ing a thorium enrichment with an inorganic acid to produce a
feed; 2) mixing a neutral phosphorus extractant with an
organic solvent to obtain an organic phase; 3) extracting from
the feed with the organic phase to obtain a loaded organic
phase; 4) scrubbing the loaded organic phase with a scrubbing
solution and then back-extracting thorium with a stripping
solution to obtain a thorium solution; 5) mixing the thorium
solution with an oxalate to obtain a precipitate, which is then
sintered to obtain thorium oxide. The present process allows
to increase the purity of thorium from 80%-99% to 99.99% or
more with a yield of more than 98%.

15 Claims, 1 Drawing Sheet
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1
PROCESS OF SEPARATING AND PURIFYING
THORIUM

CROSS REFERENCE OF THE RELATED
APPLICATION

This application claims the benefit of the priority of the
Chinese invention patent application No. 201210552752.X
filed with SIPO of China on Dec. 18, 2012, the disclosure
thereof is incorporated herein by reference by their entirety,
as totally described herein.

TECHNICAL FIELD

The present invention relates to a process of separating and
puritying thorium, more specially, to a process of purifying
thorium by solvent extraction.

BACKGROUND

As one of the important elements in the research and devel-
opment of nuclear energy, thorium element itself does not
decay easily, but may be converted to fissile U-233 after
absorbing a neutron, and thus is a very promising nuclear fuel.
Thorium is abundant in the earth’s crust with a content of
about 6 ppm, which is about 3 times of that of uranium. In
china, thorium is mainly associated in rare earth ores and has
a total reserve of about 280-300 thousand tons. Currently in
China, however, the utilization rate of thorium is almost zero.
In the production of rare earth (RE), thorium is discharged to
the tailing dam or the neutralized slag of rare earth, which
results in a large radioactive safety risk and a huge resource
waste. Once there is breakthrough in the research of thorium
nuclear energy, huge benefit will be brought and the depen-
dency on oil will be largely released. Thus, it is of great
interest to recover and purify thorium.

Chinese patent application No. 98122348.6 and
02123913.4 disclosed two processes of recovering thorium
during extraction and separation of rare earth from rare earth
ores (Baotou mixed bastnasite-monazite ore and Sichuan
bastnasite), in which a primary amine (R—NH,) is used as an
extractant and thorium was recovered and enriched from
about 0.2% (in refined rare earth ore) to 95-99% with a
thorium recovery of 95%. Gupta in Indian studied recovering
and separating thorium, uranium and rare earth from mona-
zite with Cyanex 923 (Journal of Radioanalytical and Nuclear
Chemistry, 251 (2002) 451-456), and found that thorium and
uranium could be extracted in a medium of 5.0 mol/l nitric
acid, and then thorium was back-extracted by 2.0 mol/l
hydrochloric acid and uranium was stripped by 0.5 mol/l
sulfuric acid. However, the process concerned these results
are not reported.

To meet the requirement for the research and power gen-
eration of thorium nuclear energy, thorium used as a nuclear
fuel must be at nuclear purity level, so the thorium enrich-
ments from rare earth ores or other resources must be purified
further. In an early process, tributyl phosphate (TBP) is used
as an extractant to extract and purify thorium from the tho-
rium hydroxide enrichments obtained from the processing of
monazite (W U Huawu, Nuclear Fuel Chemical Technology,
Atomic Energy Press, 1989, p. 164). In this process, a TBP
extraction system was adopted to separate uranium and purify
thorium, using a thorium hydroxide enrichment obtained
from the processing of monazite as the feed. FIG. 1 shows the
flow chart of the process, in which Ss represents the acidized
organic phase, F represents the feed, W represents the scrub-
bing solution, St represents the stripping solution, Ac repre-

20

25

40

45

55

2

sents the acid for acidizing, R represents the extraction raffi-
nate, and the other process parameters are shown in table 1.

TABLE 1

the process parameters for purifying thorium with TBP

material Flow

name abbreviation composition ratio
acidized organic phase Ss, 40 vol. % TBP-paraffin 4
acidized organic phase Ss, 40 vol. % TBP-paraffin 0.8
feed F 0.76 mol/l Th(NO3)y; 1

which contains 4 mol/

I HNO; and additional U,

RE and Fe
scrubbing solution w 4 mol/l HNO; 0.8
stripping slotuion St, 0.1 mol/l HNO, 4
stripping solution St, 5% Na,COj3 3.2
acid for acidizing Ac 4 mol/l HNO; /

However, the purification of thorium with TBP needs to be
performed in a high concentration nitric acid medium, which
results in a large consummation of the acid and an accelerated
decomposition of TBP. In addition, TBP has a low molecular
weight with a relative high solubility in water (0.64 g/L at 25°
C.), which causes the running off of TBP and thus an
increased cost.

SUMMARY OF THE INVENTION

The present inventors have devoted a long time to the
research on the separation and purification of thorium. To
address the above problems in the processes for separating
and puritying thorium of the prior art such as large acid and
TBP consumptions, the present inventors has designed a pro-
cess of separating and purifying thorium and filed a Chinese
patent application No. 201110074345.8. Based on above, the
present invention is accomplished through further investiga-
tion. The process of separating and purifying thorium accord-
ing to the present invention not only solves the technical
problems in the prior art, but also reduces the cost and allows
obtaining thorium with higher purity.

In one aspect of the present invention, provided is a process
of separating and purifying thorium, comprising the steps of:

1) mixing a thorium enrichment with an inorganic acid to
produce a feed;

2) mixing a neutral phosphorus extractant with an organic
solvent to obtain an organic phase;

3) extracting from the feed with the organic phase to obtain
a loaded organic phase;

4) scrubbing the loaded organic phase with a scrubbing
solution (also referred as scrubbing acid) and then back-
extracting thorium in the loaded organic phase with a strip-
ping solution (also referred as back-extractant) to obtain a
thorium solution;

5) mixing the thorium solution with an oxalate to obtain a
precipitate, which is then sintered to obtain thorium oxide.

Preferably, the thorium compound in the thorium enrich-
ment may be one or more selected from the group consisting
of thorium oxalate, thorium hydroxide, thorium nitrate, tho-
rium chloride and thorium oxide.

Preferably, the thorium enrichment contains the thorium
compound in an amount of 80 wt %~99 wt %.

Preferably, the inorganic acid may be one or more selected
from the group consisting of hydrochloric acid, nitric acid and
sulfuric acid.
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Preferably, the feed contains thorium in a concentration of
0.5~1.5 mol/l and the inorganic acid in a concentration of
0.5~5 mol/l.

Preferably, the neutral phosphorus extractant is repre-
sented as a general formula of G;P—0, in which each G is
independent one selected from alkyl and alkoxyl and at least
one Gis alkyl. The alkyl or alkoxyl is preferably C1-C20 alkyl
or C1-C20 alkoxyl and more preferably C1-C10 alkyl or
C1-C10 alkoxyl.

Preferably, the neutral phosphorus extractant may be one
or more selected from the group consisting of di(2-ethyl-
hexyl)  2-ethylhexyl-phosphonate,  di(1-methylheptyl)
methyl-phosphonate, Cyanex 923, dibutyl butyl-phospho-
nate and butyl dibutyl-phosphonate.

The extraction is preferably carried out in a series of sepa-
rating funnels, mixer-settler extractors or centrifugal extrac-
tors, and more preferably centrifugal extractors.

Preferably, the organic solvent is alkane or aromatic hydro-
carbon, preferably sulfonated paraffin or xylene.

Preferably, in the organic phase, the extractant and the
organic solvent have a volume ratio of 10~60:40~90.

Preferably, the scrubbing solution is nitric acid, hydrochlo-
ric acid or sulfuric acid with a concentration of 1.0~4.0 mol/l;
the stripping solution is water, diluted nitric acid or diluted
hydrochloric acid.

Preferably, the stage numbers are 4~10 for the extracting,
0~8 for the scrubbing, and 2~8 for the back-extracting,
respectively.

Separating funnels or a mixer-settler extractors may be
used to perform the fractional extraction, in which the organic
phase, the feed, the scrubbing solution and the stripping solu-
tion may be used in a flow ratio of 15~25:2~10:2~10:2~10,
preferably 22:2~3:2~5:2~10. More preferably, centrifugal
extractors may be used to perform the fractional extraction, in
which the organic phase, the feed, the scrubbing solution and
the stripping solution may be used in a flow ratio of 20~100:
5~30:0~15:20~100.

Advantageous Effect

In present process, since a neutral phosphorus extractant is
used, the used neutral phosphorus extractant may be recycled
in the extraction and back-extraction, thus reducing the con-
sumption of the inorganic acid and the extractant, decreasing
the cost and improving the purity of thorium. The experimen-
tal results showed that the present process can obtain a tho-
rium product with a purity 0£99.995% or more and a recovery
of' more than 98%; and that the content of thorium (calculated
as thorium oxide) in the extraction raffinate is less than 5 g/L..

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart of separating uranium and purifying
thorium from a thorium enrichment obtained from monazite
with TBP in the prior art.

FIG. 2 is a flow chart of separating and puritying thorium
with an extractant according to the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

The preferable embodiments according to the present
invention will be described in detail for illustrating further the
present invention, but the description is only for the purpose
to illustrate the characteristics and advantages of the present
invention without limiting the present invention.
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According to the process of separating and purifying tho-
rium of the present invention, first, a thorium enrichment and
an inorganic acid are mixed to produce a feed, and a neutral
phosphorus extractant and an organic solvent are mixed to
obtain an organic phase; secondly, thorium in the feed is
extracted into the organic phase by fractional extraction to
produce a loaded organic phase, while the other impurities
remain in the raffinate; thirdly, the loaded organic phase is
washed with a scrubbing solution and then thorium is back-
extracted from the loaded organic phase with a stripping
solution to produce a thorium solution; and finally, the tho-
rium solution is mixed with an oxalate to produce a precipi-
tate, which is then sintered to obtain thorium dioxide.

Preferably, the thorium compound in the thorium enrich-
ment may be thorium oxalate, thorium hydroxide, thorium
nitrate, thorium chloride, thorium oxide, or a mixture thereof.
Based on the total weight of the thorium enrichment, thorium
compound is included in an amount of 80-99% by weight and
the remaining are impurities such as rare earths, iron, etc.
Preferably, to facilitate the treatment, a hydrous thorium
enrichment is subject to be dried at a temperature of 100-150°
C. and then sintered for 1 hour at a temperature of 400-600° C.
And then the thorium enrichment is dissolved in an inorganic
acid to obtain a thorium solution, which is then adjusted in the
concentrations of thorium and the acid to the required levels,
so as to obtain a feed.

There is no limitation to the source of the thorium enrich-
ment, as long as the content of the thorium compound therein
satisfies the present process. For example, the thorium enrich-
ment may be a thorium regenerant recovered and enriched
from the processing of Panxi bastnasite, Baotou mixed bast-
nasite-monazite ore, monazite ore or other ores. Alterna-
tively, the thorium enrichment may be recovered and enriched
from a thorium-containing ore, for example, by using the
processes described in Chinese patent application No.
98122348.6 and 02123913 4.

In a preferable embodiment, the thorium enrichment may
be produced by the steps of (al) adjusting the concentration of
an inorganic acid in a thorium-containing solution to 1.0-4.5
mol/lto produce a stock solution; and (a2) recovering thorium
from the stock solution in a centrifugal extractor by using a
primary amine or an organophosphorus ligand as the extrac-
tant, to obtain the thorium enrichment.

In step (al), the thorium-containing solution is produced
through the reaction of a thorium-containing mineral with an
inorganic acid, for example, it may be a solution produced by
reacting an inorganic acid with one selected from the group
consisting of bastnasite, monazite, bastnasite-monazite, ion-
adsorption rare earth deposit of South China, and a smelting
slag therefrom, or a solution produced by reacting an inor-
ganic acid with a thorium-containing slag generated in the
smelting of other minerals. The inorganic acid is preferably
nitric acid, hydrochloric acid or sulfuric acid.

In step (a2), the step of recovering thorium by centrifugal
extraction includes the steps of extracting thorium from the
stock solution into an organic phase to obtain a loaded organic
phase, scrubbing the loaded organic phase with a scrubbing
solution and then back-extracting thorium from the loaded
organic phase with a stripping solution to produce a thorium
solution, which is optionally concentrated to obtain the tho-
rium enrichment or treated by precipitating, sintering and
dissolving in nitric acid to obtain the thorium enrichment.

In step (a2), the organic phase consists of a primary amine
or an organophosphorus extractant, a phase modifier and an
organic solvent. There is no particular limitation to the pri-
mary amine or the organophosphorus extractant as long as it
can extract efficiently thorium from the thorium-containing
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solution. The primary amine may preferably be one or more
selected from N1923, N179 and N116. The organophospho-
rus extractant may preferably be one or more selected from
Cyanex 923, 2-ethylhexylphosphonic acid mono-2-ethyl-
hexyl ester, di(2-ethylhexyl)phosphoric acid, di(2-ethyl-
hexyl) 2-ethylhexyl-phosphonate, di(1-methylheptyl)me-
thyl-phosphonate, dibutyl butyl-phosphonate and butyl
dibutyl-phosphonate. The phase modifier is for improving the
phase separation between the organic phase and the aqueous
phase and there is no particular limitation thereon, but the
phase modifier may preferably be one or more selected from
methyl heptanol and TBP. There is no particular limitation to
the organic solvent as long as it can dissolve efficiently the
primary amine or the organophosphorus extractant. The
organic solvent may preferably be one or more selected from
the group consisting of sulfonated paraffin, cyclohexane and
xylene. The organic phase may be composed of the primary
amine, the phase modifier and the organic solvent in a volume
ratio of 0.5~10:0.5~10:80~99, or of the organophosphorus
extractant, the phase modifier and the organic solvent in a
volume ratio of 0.5~50:0.5~10:40~99.

In step (a2), the organic phase, the feed, the scrubbing
solution and the stripping solution may be used in a flow ratio
of 5~15:20~100:4~10:1~5. The stage numbers are 4-10 for
the extracting, 2-6 for the scrubbing, and 2-8 for the back-
extracting, respectively. The scrubbing solution is nitric acid
or hydrochloric acid with a concentration of 0.01~1.0 mol/l,
the stripping solution is nitric acid, hydrochloric acid or sul-
furic acid with a concentration of 0.3~4.0 mol/l.

In the process of separating and purifying thorium accord-
ing to the present invention, the inorganic acid is for leaching
thorium in ionic form from a thorium enrichment so as to
facilitate the following extraction. The inorganic acid may
preferably be nitric acid, hydrochloric acid or sulfuric acid.
Preferably, in the feed, the concentration of the inorganic acid
is 0.5~10.0 mol/l.

In the process of separating and purifying thorium accord-
ing to the present invention, the feed preferably includes
thorium in a concentration of 0.5~1.5 mol/l. There is no
particular limitation to the content of rare earth oxides
(REOs) as long as it does not affect the separation and puri-
fication of thorium, but the content of REOs is preferably 50
g/L or less.

In the process of separating and purifying thorium accord-
ing to the present invention, the neutral phosphorus extractant
is preferably represented by a general formula of G;P—0,
wherein each G is an independent alkyl R or alkoxyl R—O,
and at least one G is an alkyl. The carbon chains in the alkyls
or the alkoxyls may be same or different. That is, the neutral
phosphorus extractant may be one or more selected from the
group consisting of trialkylphosphine oxide, alkyl dialky-
Iphosphonate and dialkyl alkylphosphonate, more preferably
one or more selected from the group consisting of di(2-eth-
ylhexyl) 2-ethylhexyl-phosphonate (P503), di(1-methylhep-
tyl)methyl-phosphonate (P350), dibutyl butyl-phosphonate
(DBBP), butyl dibutyl-phosphonate (BDBP) and Cyanex
923. Among them, P503 is easy to be synthesized and has a
solubility of 2.6x10™* g/L (25° C.) in the water with a cheap
price and a good extraction effect. P350, which may be syn-
thesized by using castor beans of China as raw material, has
a solubility of 0.017 g/l (25° C.) in the water. Comparing
dibutyl butyl-phosphonate (DBBP) and butyl dibutyl-phos-
phonate (BDBP) with tributyl phosphate (TBP), the replace-
ment of alkoxyl by alkyl can decrease the water-solubility.
Cyanex 923 is a new commercially available extractant devel-
oped by CYTEC (U.S.A), which consists of 42 wt % of hexyl
dioctyl phosphine oxide, 31 wt % of dihexyl octyl phosphine
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oxide, 14 wt % of trioctyl phosphine oxide and 8 wt % of
trihexyl phosphine oxide, and has a good extraction property.
The organic solvent may preferably be selected from an
alkane or an aromatic hydrocarbon, and more preferably sul-
fonated paraffin or xylene. In the organic phase, the extractant
and the organic solvent may be used in a volume ratio of
10~60:40~90, and preferably 20~40:80~60.

In the process of separating and purifying thorium accord-
ing to the present invention, the scrubbing solution is used to
remove the impurities such as rare earth in the loaded organic
phase. There is no particular limitation to the scrubbing solu-
tion, and the scrubbing solution is preferably nitric acid,
hydrochloric acid or sulfuric acid with a concentration of
1.0~4.0 mol/l. The stripping solution is used to back-extract
thorium from the loaded organic phase, as well as to regen-
erate the organic phase for recycling. There is no particular
limitation to the stripping solution, and the stripping solution
is preferably water or diluted nitric acid or diluted hydrochlo-
ric acid with a concentration of less than 0.5 mol/l.

In the process of separating and purifying thorium accord-
ing to the present invention, there is no particular limitation to
the extracting device for fractional extraction, as long as it can
accomplish the extraction in the present invention. For
example, the extracting device may be a device well known
by the skilled person in the art, such as separating funnel,
mixer-settler extractor or centrifugal extractor.

Preferably, the stage numbers are 4~10 for the extracting,
0~8 for the scrubbing, and 2~8 for the back-extracting,
respectively.

In a preferable embodiment, separating funnels or mixer-
settler extractors are used to perform the fractional extraction.
In this case, the organic phase, the feed, the scrubbing solu-
tion and the stripping solution are used in a flow ratio of
15~25:2~10:2~10:2~10, preferably 22:2~3:2~5:2~10. The
thorium product produced by this process may have a purity
of 99.995~99.999%, preferably 99.998-99.999%, with a
recovery of 98% or more.

In a more preferable embodiment, centrifugal extractors
are used to perform the fractional extraction. In this case, the
organic phase, the feed, the scrubbing solution and the strip-
ping solution are preferably used in a flow ratio of 20~100:
5~30:0~15:20~100. The experimental results showed that the
thorium product produced by this process may have a purity
0199.999% or more with a recovery of 98% or more.

The utilization of centrifugal extractor to perform the
extraction may overcome the defects of high volume occupa-
tion, large hold-up and high radioactivity in operation site of
box extractor, and has advantages of small volume occupa-
tion, small hold-up, short stage residence time, high organic
phase utilization rate and high treatment capacity under the
same conditions. Meanwhile, the leak of thorium is effec-
tively prevented and the radioactive risk is reduced, since the
material is fully enclosed during transportation and transfer-
ring and it is easy to accomplish automated control.

The flow chart of the process according to the present
invention is shown in FIG. 2.

As shown in FIG. 2, n, m and j are the stage number of the
fractional extraction respectively, wherein n=4~10, m=4~18,
and j=6~26. The organic phase is fed in stage 1; the feed is fed
in stage n and extracted by the organic phase, the raffinate is
discharged from the lower part of stage 1; the scrubbing
solution is fed in stage m; the stripping solution is fed in stage
j and strips the scrubbed organic phase to obtain a thorium
solution, which is discharged from stage m+1 and further
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treated to afford a thorium product. The organic phase after
back-extraction is discharged from stage j and recycled.

EXAMPLES

The following examples are provided to further illustrate
the technical solution of the present invention. The used
chemical reagents are analytically pure.

Example 1

Preparation of a Feed:

Hydrous thorium oxalate (recovered in the processing of
Panxi bastnasite of Sichuan) was dried at 150° C. and then
sintered at 520° C. for 1 hour to afford 80 g of thorium oxide.
The thorium oxide was dissolved with nitric acid completely.
The resulted solution was diluted suitably and filtered to
obtain the required feed. The analytic results gave that, in the
feed, Cpyno330=1-50 mol/l, and Cgyp3=2.50 mol/l. The
weight percentage of Thorium (ThO,) was 95.36%, and the
main impurity was rare earths. The content of uranium was
less than 0.002%.

Preparation of Organic Phase:

800 ml of industrial di(2-ethylhexyl) 2-ethylhexyl-phos-
phonate (P503) was dissolved in solvent naphtha No. 260 and
then diluted to 2000 ml. Here the extractant was included in a
volume concentration of 40%.

Fractional Extraction:

The fractional extraction was carried out by using mixer-
settler extractors during the whole extraction process, which
included 5 extracting stages, 6 scrubbing stages and 4 strip-
ping stages. The organic phase was fed at stage 1, the feed was
fed at stage 5, the scrubbing solution was 2.5 mol/l nitric acid
and fed at stage 11, and the stripping solution was high purity
deionized water and fed at stage 15. The organic phase, the
feed, the scrubbing solution and the stripping solution were in
a flow ratio of 20:2.8:2.8:8. The mixing time was 8 minutes
and the settling time was 5 minutes. Through the separation
and purification in this process, the impurities such as rare
earths remained in the extraction raffinate, while thorium
entered into the back-extract and precipitated with potassium
oxalate, and then the precipitate was sintered to provide a high
purity thorium product. ICP-MS analysis showed that the
thorium purity was 99.998% and the recovery was 98.5%.
The organic phase was recycled with a stable extraction prop-
erty.

Example 2

Preparation of a Feed:

Concentrated thorium nitrate was dissolved with 2.5 mol/l
of nitric acid under heating. After settled and cooled com-
pletely, the resulted solution was diluted suitably and filtered
to obtain 1.0 1 ofa feed. The analysis showed that, in the feed,
Crnwo3a=1.50 mol/l, and Cprp3=2.52 mol/l. The weight
percentage of Thorium (ThO,) was 99.27%, and the weight
percentages of some rare earth impurities were as follows:
La,0,0.2%,Ce0, 0.45%, Pr,040.01%,Nd,0;0.03%,Y,0,
0.008%. The content of uranium is less than 0.002%.

Preparation of Organic Phase:

The procedure was the same as that in example 1.

Fractional Extraction:

The fractional extraction was carried out by using separat-
ing funnels in the whole extraction process, and the extraction
stages included 6 extracting stages, 6 scrubbing stages and 6
stripping stages. The scrubbing solution was 2.5 mol/l nitric
acid, and the back-extracting acid was 0.01 mol/l diluted
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nitric acid. The organic phase, the feed, the scrubbing solution
and the stripping solution were in a flow ratio 0f22:2.6:2.8:6.
The stripped thorium was precipitated with oxalic acid and
the precipitate was sintered to give a thorium oxide product
with a purity of 99.999% and a recovery of 98.2%.

Example 3

Preparation of a Feed:

Hydrous thorium hydroxide enrichment (recovered in the
processing of mixed ore in Baotou) was dried and sintered to
give anhydrous thorium oxide. The thorium oxide was dis-
solved with nitric acid and then fed with a small of hydroxy-
lamine hydrochloride solid to reduce iron. The resulted solu-
tion was diluted and filtered to prepare a feed. In the feed,
Crnosa=1.45 mol/l, and Cppp3=2.50 mol/l. The weight
percentage of thorium (ThO,) was 90.5%, and the main impu-
rities were rare earths. The content of uranium was less than
0.002%.

Preparation of Organic Phase:

An industrial P503 extractant was dissolved into solvent
naphtha No. 260 to reach a concentration of 38% by volume,
and then pre-saturated with 2.50 mol/l nitric acid once.

Fractional Extraction:

The fractional extraction was carried out by using mixer-
settler extractors in the whole extraction process, and the
extraction stages included 6 extracting stages, 6 scrubbing
stages, 5 stripping stages and 3 acidizing stages. The scrub-
bing solution was 2.5 mol/1 nitric acid, the stripping solution
was high purity deionized water, and the organic phase was
acidized with 2.5 mol/1 nitric acid. And the organic phase, the
feed, the scrubbing solution, the stripping solution and the
acid for acidizing were in a flow ratio 0of 22:2.8:2.8:7:7. After
the extraction reached a balance, the thorium back-extract
was precipitated with potassium oxalate, and the precipitate
was sintered to provide thorium oxide. ICP-MS analysis
showed that the purity of thorium was 99.998% with a recov-
ery of 98.0%.

Example 4

Preparation of a Feed:

The procedure was the same as that in example 1.

Preparation of Organic Phase:

800 ml of industrial P350 extractant was dissolved into
xylene and diluted to 2000 ml, and the concentration of P350
was 40% by volume at this time.

Fractional Extraction:

The fractional extraction was carried out by using mixer-
settler extractors in the whole extraction process, and the
extraction stages included 5 extracting stages, 5 scrubbing
stages and 4 stripping stages. The scrubbing solution was 2.0
mol/1 nitric acid and the stripping solution was high purity
deionized water. The organic phase, the feed, the scrubbing
solution and the stripping solution were in a flow ratio of
22:2.8:2.5:4. The process was performed for one week to give
a thorium product with a purity of 99.998% and a recovery of
98.5%.

Example 5

Preparation of a Feed:

Hydrous thorium hydroxide enrichment (produced in the
processing of monazite) was dried at 150° C. and then sin-
tered at 500° C. for 1 hour, to afford thorium oxide. The
thorium oxide was dissolved with 40% sulfuric acid under
heating and stiffing. After cooled, the resulted solution was
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diluted suitably and filtered. The analysis showed that, in the
feed, C,504y,=1.0mol/l, and Cpp, 5, =0.6 mol/l. The weight
percentage of thorium (ThO,) was 91%, and the content of
the impurity uranium was 5%. Before the purification of
thorium, uranium was separated by pre-extraction to make its
content be less than 0.002%.

Preparation of Organic Phase:

A certain amount of Cyanex 923 extractant was dissolved
in xylene to achieve a volume concentration of 40%.

Fractional Extraction:

The fractional extraction was carried out by using mixer-
settler extractors in the whole extraction process, and the
extraction stages included 5 extracting stages, 4 scrubbing
stages and 4 stripping stages. The scrubbing solution was 0.6
mol/1 sulfuric acid and the stripping acid was 1.5 mol/l hydro-
chloric acid. The organic phase, the feed, the scrubbing solu-
tion and the stripping solution were in a flow ratio of 12:1:
0.8:4. The process was performed for one week to produce a
high purity thorium product. ICP-MS analysis showed that
the purity of thorium was 99.995% with a recovery of more
than 98%. The organic phase had a stable extraction capacity.

The results in examples 1-5 showed that the present pro-
cess can improve effectively the thorium purity to 99.998% or
more. Moreover, the extractant can be recycled, the amount of
acid used can be reduced and the cost is decreased, and thus
the present process is suitable for industrial production.

Example 6

A hydrous thorium oxalate (recovered in the processing of
bastnasite) was dried, sintered and dissolved with nitric acid
to obtain a feed. In the feed, C,nv03).=395 g/l (calculated as
ThO,), and Cy,05=2.52 mol/l. The main impurities were
rare earths and the percentage of thorium (ThO,/(ThO,+
RE0))=97.7%. 800 ml of industrial di(2-ethylhexyl) 2-ethyl-
hexyl-phosphonate was dissolved in solvent naphtha No. 260
(sulphonated paraffin) and then diluted to 2000 ml. The vol-
ume concentration of the extractant was 40%.

A multistage series centrifugal extractor was used in the
whole extraction process, and included 5 extracting stages, 2
scrubbing stages and 4 stripping stages. The rotation rate was
controlled to 3000 rpm in the whole extraction process. The
organic phase was fed at stage 1, the feed was fed at stage 5,
the scrubbing solution was 2.5 mol/l nitric acid and fed at
stage 11, and the stripping solution was high purity deionized
water and fed at stage 15. The organic phase, the feed, the
scrubbing solution and the stripping acid were in a flow ratio
of 44:5.6:6:36. After the separation and purification in this
process, the impurities such as rare earths remained in the
raffinate, and thorium entered the organic phase.

ICP-MS analysis showed that the thorium product had a
purity of 99.999% with a recovery of 98.5%. The organic
phase was recycled with a stable extraction property.

Example 7

Thorium carbonate with a purity of 97% was dissolved
with nitric acid to give a feed. In the feed, Cy,r031,=365 g/l
(calculated as ThO,), and C;,55=2.52 mol/l. The main impu-
rities were rare earths and the percentage of thorium (ThO,/
(ThO,+REO))=97%. 800 ml of industrial di(1-methylheptyl)
methyl-phosphonate extractant was dissolved in solvent
naphtha No. 260 (sulphonated paraffin) and then diluted to
2000 ml. The volume concentration of the extractant was
40%.

The purification of thorium was carried out by using a
multistage series centrifugal extractor, which included 5
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extracting stages, 1 scrubbing stages and 5 stripping stages.
The rotation rate was controlled to 3500 rpm in the whole
extraction process. The scrubbing solution was 3.0 mol/l
nitric acid and the stripping acid was 0.1 mol/l nitric acid. The
organic phase, the feed, the scrubbing solution and the strip-
ping acid were in a flow ratio of 50:7.2:4.0:54. The thorium
product had a purity of 99.99% with a recovery of 99%. The
organic phase was recycled with a stable extraction property.

Example 8

A thorium carbonate enrichment containing 30% ThO,
(obtained in the later stage for smelting monazite) was
washed with water and then dissolved with nitric acid to
obtain a feed. In the feed, Cyy,n03)4=200 g/1 (calculated as
ThO,), and Cn5=2.8 mol/l. 800 ml of industrial dibutyl
butyl-phosphonate extractant was dissolved in solvent naph-
tha No. 260 (sulphonated paraffin) and then diluted to 2000
ml. The volume concentration of the extractant was 40%.

The purification of thorium was carried out by a multistage
series centrifugal extractor, which included 5 extracting
stages, 5 scrubbing stages and 5 stripping stages. The rotation
rate was controlled as 4000 rpm in the whole extraction
process. The scrubbing acid was 3.0 mol/] nitric acid and the
stripping solution was high purity deionized water. The
organic phase, the feed, the scrubbing acid and the stripping
solution were in a flow ratio of 25:6.25:6.25:25. ICP-MS
analysis showed that the thorium product had a purity of
99.99% with a recovery of 98%. The organic phase was
recycled with a stable extraction property.

Example 9

A neutralized slag from ion-adsorption rare earth deposit
of'South China (a thorium carbonate enrichment) containing
25% ThO, was washed with water and then dissolved with
nitric acid to give a feed, in which Cy,(x03,,=210 g/l (calcu-
lated as ThO,), and Cy05=3.0 mol/l.

The organic phase was the same as that in example 6.

A multistage series centrifugal extractor was used and
included 5 extracting stages, 4 scrubbing stages and 5 strip-
ping stages. The rotation rate was controlled as 4500 rpm in
the whole extraction process. The scrubbing acid was 2.8
mol/1 nitric acid and the stripping acid was 0.1 mol/l nitric
acid. The organic phase, the feed, the scrubbing acid and the
stripping acid were in a flow ratio of 25:6.25:6.25:25. ICP-
MS analysis showed that the thorium product had a purity of
99.99% with a recovery of 98.1%. The rare earths in the
raffinate were recovered by another extraction.

Example 10

An iron-thorium slag containing 15% ThO, (obtained in
the processing of bastnasite) was washed with water and then
dissolved with nitric acid to provide a feed. In the feed,
Cornvosya=170 g/l (calculated as ThO,), and Cy;=3.5 mol/
1. 800 ml of industrial butyl dibutyl-phosphonate extractant
was dissolved in xylene and then diluted to 2000 ml. The
volume concentration of the extractant was 40%.

A multistage series centrifugal extractor was used and
included 6 extracting stages, 6 scrubbing stages and 6 strip-
ping stages. The rotation rate was controlled as 2800 rpm in
the whole extraction process. The scrubbing acid was 3.0
mol/1 nitric acid and the stripping acid was 0.1 mol/l nitric
acid. The organic phase, the feed, the scrubbing acid and the
stripping acid were in a flow ratio of 25:8.25:8.25:25. ICP-
MS analysis showed that the thorium product had a purity of
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99.99% with a recovery of 98%. The rare earth in the raffinate
was recovered by another extraction.
The organic phase was recycled with a stable extraction

property.
Example 11

A rare earth solution in sulfuric acid was prepared with a
composition of 0.3 g/l ThO,, 42 g/l REO and 1.2 mol/l
H,SO,. A multistage series centrifugal extractor was used to
recover thorium and its rotation rate was controlled as 4500
rpm. The organic phase had a volume composition of primary
amine N1923:methyl heptanol:solvent=3:3:96. The organic
phase, the feed, the scrubbing solution and the stripping solu-
tion were in a flow ratio of 10:37:4:1.4. The extraction
included 6 extracting stages, 6 scrubbing stages and 6 strip-
ping stages. The scrubbing solution was 0.03 mol/1 nitric acid
and the stripping solution was 1.0 mol/l nitric acid. Analysis
showed that the purity of thorium was 98%. The back-ex-
tracted thorium solution was concentrated as a feed for further
purification of thorium.

Next, a multistage series centrifugal extractor was used for
the purification of thorium and included 6 extracting stages, 4
scrubbing stages and 4 stripping stages. The rotation rate was
controlled as 4000 rpm. The organic phase was 40% di(1-
methylheptyl)methyl-phosphonate-60% cyclohexane, the
scrubbing solution was 3.0 mol/l nitric acid and the stripping
solution was high purity deionized water. The organic phase,
the feed, the scrubbing solution and the stripping acid were in
aflow ratio of 44:6:6:44. After the separation and purification
in this process, the impurities such as rare earths remained in
the raffinate, and thorium entered the organic phase. Analysis
showed that the thorium product had a purity 0 99.999% with
a recovery of 98%.

Example 12

A rare earth solution in nitric acid was prepared with a
composition 0of 40 g/l ThO,, 80 g/l REO and 2.5 mol/l HNO;.
A multistage series centrifugal extractor was used to recover
thorium and its rotation rate was controlled as 3000 rpm. The
organic phase had a volume composition of Cyanex 923:
methyl heptanol:organic solvent=30:10:60. The organic
phase, the feed, the scrubbing solution and the stripping solu-
tion were in a flow ratio 0£20:17.5:6:10. The whole extraction
included 4 extracting stages, 2 scrubbing stages and 3 strip-
ping stages. The scrubbing solution was 1.0 mol/1 nitric acid
and the stripping solution was 0.53 mol/l oxalic acid. After
back-extraction, the resulted thorium precipitate had a purity
of 97%. The thorium precipitate was sintered and dissolved
with nitric acid to provide a feed for further purification of
thorium by centrifugal extraction.

Next, a multistage series centrifugal extractor was used for
the purification of thorium and included 10 extracting stages,
6 scrubbing stages and 8 stripping stages. The rotation rate
was controlled as 4500 rpm. The organic phase was 50%
di(2-ethylhexyl) 2-ethylhexyl-phosphonate-50% xylene, the
scrubbing solution was 1.0 mol/1 nitric acid and the stripping
acid was 0.2 mol/l hydrochloric acid. The organic phase, the
feed, the scrubbing solution and the stripping acid were in a
flow ratio of 44:6:6:44. After the separation and purification
in this process, the thorium product had a purity of 99.999%
with a recovery of 98%.

The results in the above examples 6-12 showed that, the
utilization of a centrifugal extraction device for the separation
and purification of thorium allowed a thorium product with a
purity of 99.99% or more. Meanwhile, it has also the follow-
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ing technical advantages: (1) the device occupies small vol-
ume and has small hold-up, and the material is fully enclosed
during transportation and transferring, which is more suitable
for the purification of radioactive thorium; (2) the stage reten-
tion time is short and the organic phase has a high utilization
efficiency; (3) the device is easy to be automatized.

The process of separation and purification of thorium
according to the present invention has been described in detail
in the above, and the principle and embodiments of the
present invention have been illustrated by examples, but the
above examples are only for the purpose of illustrating the
present process and spirit thereof. It should be noted that, for
an ordinary skilled person in the art, the present process may
be modified and varied without departing from the spirit of
the present invention, and such modification and variation
also fall into the scope of the claims of the present invention.

What claimed is:

1. A process of separating and purifying thorium by solvent
extraction, comprising the steps of:

1) mixing a thorium enrichment with an inorganic acid to

produce a feed;

2) mixing a neutral phosphorus extractant with an organic
solvent to obtain an organic phase;

3) extracting from the feed with the organic phase to obtain
a loaded organic phase;

4) optionally, washing the loaded organic phase with a
washing solution and then back-extracting thorium in
the loaded organic phase with a stripping solution to
obtain a thorium solution;

5) mixing the thorium solution with an oxalate to obtain a
precipitate which is then sintered to obtain thorium
oxide,

wherein the neutral phosphorus extractant is represented
by the general formula of G;P—0O, in which each G is
independently selected from alkyl or alkoxyl, and at
least one G is alkyl.

2. The process according to claim 1, wherein the thorium
enrichment contains a thorium compound in an amount of 80
wt %~99 wt %.

3. The process according to claim 2, wherein the thorium
compound is one or more selected from the group consisting
of thorium oxalate, thorium hydroxide, thorium nitrate, tho-
rium chloride and thorium oxide.

4. The process according to claim 1, wherein the neutral
phosphorus extractant is one or more extractant selected from
the group consisting of di(2-ethylhexyl) 2-ethylhexyl-phos-
phonate, di(1-methylheptyl methyl-phosphonate, dibutyl
butyl-phosphonate, butyl dibutyl-phosphonate and a mixture
of hexyl dioctyl phosphine oxide, dihexyl octyl phosphine
oxide, trioctyl phosphine oxide and trihexyl phosphine oxide.

5. The process according to claim 1, wherein the organic
solvent is an alkane or an aromatic hydrocarbon.

6. The process according to claim 1, wherein in the organic
phase, the extractant and the organic solvent have a volume
ratio of 10~60:40~90.

7. The process according to claim 1, wherein the inorganic
acid is one or more selected from nitric acid, hydrochloric
acid or sulfuric acid.

8. The process according to claim 1, wherein the feed
contains thorium in a concentration of 0.5~1.5 mol/l and an
inorganic acid in a concentration of 0.5~5 mol/l.

9. The process according to claim 1, wherein the extraction
is carried out in a series of separating funnels, mixer-settler
extractors or centrifugal extractors.

10. The process according to claim 9, wherein the extrac-
tion is carried out in a series of centrifugal extractors.
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11. The process according to claim 9, wherein the separat-
ing funnels or the mixer-settler extractors are used to perform
the fractional extraction, in which the organic phase, the feed,
the washing solution and the stripping solution are set in a
flow ratio of 15~25:2~10:2~10:2~10, or the centrifugal
extractors are used to perform the fractional extraction, in
which the organic phase, the feed, the scrubbing solution and
the stripping solution are set in a flow ratio of 20~100:5~30:
0~15:20~100.

12. The process according to claim 1, wherein the extract-
ing is performed 4~10 times, the washing is performed 0~8
times, and the back-extracting is performed 2~8 times,
respectively.

13. The process according to claim 1, wherein the washing
liquid is nitric acid, hydrochloric acid or sulfuric acid with a
concentration of 1.0~4.0 mol/1.

14. The process according to claim 1, wherein the stripping
solution is water, diluted nitric acid or diluted hydrochloric
acid.

15. The process according to claim 1, wherein the thorium
enrichment is prepared by a process comprising the steps of
(al) adjusting the concentration of an inorganic acid in a
thorium-containing solution to 1.0~4.5 mol/l to produce a
stock solution; and (a2) recovering thorium from the stock
solution using a primary amine or an organophosphorus
ligand as an extractant in centrifugal extractors to obtain the
thorium enrichment.
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